Non – Invasive GPR Investigation of Spread Footings  by Grinč, Michal et al.
 Procedia Earth and Planetary Science  15 ( 2015 )  31 – 36 
Available online at www.sciencedirect.com
1878-5220 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.009 
ScienceDirect
:RUOG0XOWLGLVFLSOLQDU\(DUWK6FLHQFHV6\PSRVLXP:0(66
1RQ±LQYDVLYH*35,QYHVWLJDWLRQRI6SUHDG)RRWLQJV
0LFKDO*ULQþDE7HUH]LH9RQGUiþNRYiF-R]HI9OþHNG0DUNpWD0\VOLYHþNRYiF9ODGLPtU
1êYOWFďXERPtU.RYDOþtNH
a Research Center of University of Žilina, Slovakia 
b Geophysical institute of the Slovak Academy of Sciences, Bratislava, Slovakia 
c VŠTE-Institute of Technology and Business in ýeské BudČjovice, Faculty of Technology, Department of Civil Engineering,  
Okružní 517/10, 370 01 ýeské BudČjovice, Czech Republic 
d Faculty of Civil Engineering, University of Žilina, Slovakia 
e VŠB-Technical University of Ostrava, Faculty of Mining and Geology, Institute of Geological Engineering, 17 listopadu 15, 708 33, Ostrava, 
Czech Republic 
$EVWUDFW
$QRQLQYDVLYH*35VXUYH\ZDVFDUULHGRXWLQRUGHUWRLQYHVWLJDWHVSUHDGIRRWLQJVRIUHLQIRUFHGFRQFUHWHVNHOHWRQEXLOGLQJZLWK
EDVHPHQW7KH*35VXUYH\ZDVSHUIRUPHGLQ'JHRPHWU\DURXQGVXSSRUWFROXPQVXVLQJDJURXQGFRXSOHGDQWHQQDZLWKFHQWUDO
IUHTXHQF\RI0+]7KHSURFHVVHGGDWDDOORZYHU\GHWDLOHGLQWHUSUHWDWLRQRIVSUHDGIRRWLQJV7KLVW\SHRIJHRSK\VLFDOVXUYH\
FRQILUPVLWVVXLWDELOLW\DQGXVDELOLW\LQVXFKQRQ±LQYDVLYHLQYHVWLJDWLRQ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0(66
Keywords:*35JURXQGFRXSOHGDQWHQQD0+]VSUHDGIRRWLQJV
,QWURGXFWLRQ
6LQFH UHFHQWO\ *35 KDV EHHQ EHFRPH ZHOODFFHSWHG DQG ZHOONQRZQ JHRSK\VLFDO WHFKQLTXH LQ PDQ\ GLIIHUHQW
DSSOLFDWLRQV > DQG @2ULJLQDOO\ WKLVPHWKRG KDG EHHQ DSSOLHG WR QDWXUDO JHRORJLFPDWHULDOV IRU GLIIHUHQW
VWUXFWXUDODQGRUHSURVSHFWLRQ1RZWKHPHWKRGLVZHOODSSOLHGWRRWKHUPHGLDLQFOXGLQJZRRGFRQFUHWHRUDVSKDOW
,WLVEDVHGRQWKHXVDJHRIHOHFWURPDJQHWLFZDYHVWRSUREHWKHVXEVXUIDFHRIORVV\GLHOHFWULFPDWHULDOV>@
7XULHF%DVLQ7%LVRQHRIWKHPRVWW\SLFDOLQWUDPRQWDQH1HRJHQHGHSUHVVLRQVRIWKH:HVWHUQ&DUSDWKLDQV7KH7%


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:PLFKDOJULQF#UFXQL]DVN
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
32   Michal Grinč et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  31 – 36 
LV VLWXDWHG LQQRUWKHUQSDUWRI6ORYDNLD HORQJDWHG LQ11(±66:GLUHFWLRQZLWK WKH VKDUS IDXOW FRQWDFWZLWK WKH
3UHWHUWLDU\ VXUURXQGLQJV *HRORJLFDO VWUXFWXUH RI WKH 3UHWHUWLDU\ EDVHPHQW DQG VXUURXQGLQJV RI GHSUHVVLRQ LV
FKDUDFWHULVHGE\FU\VWDOOLQH VFKLVW DQG0HVR]RLF URFNVEHORQJLQJ WR WKH7DWULFXPVXEDXWRFKWKRQRXV WHFWRQLFXQLW
DQGDXWRFKWKRQRXV0HVR]RLFVHGLPHQWDU\FRPSOH[HVRI WKH)DWULFXPDQG+URQLFXPWHFWRQLFXQLWV7KH0HVR]RLF
VHTXHQFHV DUH GLVFRUGDQWO\ RYHUODLG E\ WKH 7HUWLDU\ VHGLPHQWV 3DOHRJHQH VHGLPHQWV RI WKH &HQWUDO &DUSDWKLDQ
3DOHRJHQH%DVLQDUHVLWXDWHGLQQRUWKHUQSDUWRIWKHGHSUHVVLRQ/DWH0LRFHQHVHGLPHQWVRIWKH5DNãD)RUPDWLRQDUH
SUHVHUYHGRQO\LQUHPQDQWVLQVRXWKHUQPRVWSDUW>@6LJQL¿FDQWSRUWLRQRIVHGLPHQWDU\¿OOEHORQJVWRWKH0LGGOH
DQG/DWH0LRFHQHVHGLPHQWV)URPWKH0LGGOH0LRFHQHWKH7%ZDVLVRODWHGGHSUHVVLRQZLWKVHGLPHQWDWLRQXQGHU
WKH IUHVKZDWHU FRQGLWLRQV 7KHUHIRUH WKH WKLFNQHVV RI WKH VHGLPHQWV LV YDULDEOH > @ 7KH H[WHQW RI 7HUWLDU\
VHGLPHQWVLVGLVWLQFWLYHVHSDUDWHGIURPWKH3UHWHUWLDU\URFNVVHTXHQFHVE\ORQJOLYLQJQRUPDOIDXOWV7KHPDLQUROH
GXULQJWHFWRQLFHYROXWLRQZDVSOD\HGE\11(±66:RULHQWHGIDXOWV
7KH LQWUDEDVLQIDXOWVDUHDUUDQJHG LQ1:±6(GLUHFWLRQDQGVHSDUDWH WKH7%LQWR WZRGLIIHUHQWSDUWVZLWKVSHFL¿F
OLWKRORJ\DQGGLVWULEXWLRQRI7HUWLDU\VHGLPHQWV>@

7KHQRUPDOIDXOWVVLWXDWHGRQZHVWHUQPDUJLQRIWKHGHSUHVVLRQFRQWUROOHGWKHVXEVLGHQFHRIWKH7%:HVWHUQPDUJLQ
RI 7% ÀDQNHG RFFXUUHQFH RI ODUJH DOOXYLDO IDQV LQGLFDWLQJ D VLJQL¿FDQW GHQLYHOL]DWLRQ RI SDOHRUHOLHI GXULQJ
VXEVLGHQFH7KH WHFWRQLFHYROXWLRQRI WKH7%LVPRVWSUREDEO\FRQQHFWHGZLWKGH[WUDO WUDQVWHQVLRQUHJLPHRI WKH
&HQWUDO6ORYDNLDIDXOWV\VWHPRSHUDWHGGXULQJ0LGGOHWR/DWH0LRFHQH>@
*353ULQFLSOH
)URP WKH YLHZSRLQW RI FXUUHQW JHRSK\VLFDO PHWKRG VXUYH\ WKH PRVW HIIHFWLYH PHWKRG LV WKH *35 VXUYH\ 7KH
UHDVRQV IRU WKHJURZLQJSRSXODULW\RI*35VXUYH\VDUH VHYHUDO ,W LV LQSDUWLFXODU LWVQRQGHVWUXFWLYHQDWXUHKLJK
UHVROXWLRQ LGHDO LQYHVWLJDWLRQ GHSWK GHSHQGLQJ RQ WKH WUDQVPLWWLQJ DQWHQQD XVHG ORZ SULFH DQG KLJKVSHHG
LQYHVWLJDWLRQWKDWFDQEHFDUULHGRXWGXULQJIXOO WUDIILF>@7KHGDWDDFTXLVLWLRQLVSHUIRUPHGLQVLWXXVLQJ*35
DSSDUDWXV FRQVLVWLQJ RI WKH WUDQVPLWWHU DQG WKH UHFHLYHU DQWHQQDV WKH FRQWURO XQLW DQG D GLJLWDO UHFRUGHU 7KH
PHDVXUHPHQWLVFDUULHGRXWGLUHFWO\RQWKHVXUIDFH7KHWUDQVPLWWLQJDQWHQQDWUDQVPLWVDQHOHFWURPDJQHWLFSXOVHLQ
UHJXODU LQWHUYDOV LQWR WKH LQYHVWLJDWHG HQYLURQPHQW RI URDG FRQVWUXFWLRQ 7KLV VLJQDO LV WKHQ VSUHDG ZLWKLQ WKH
LQYHVWLJDWHGHQYLURQPHQWVRPHVLJQDOLVUHIOHFWHGEDFNDQGUHFRUGHGE\WKHUHFHLYLQJDQWHQQDFigure 1


)LJXUH3ULQFLSOHRI*35LQYHVWLJDWLRQPRGLILHGE\>@ZKHUH7[LVWKHWUDQVPLWWLQJDQWHQQDD5[LVUHFHLYLQJDQWHQQD

*35 V\VWHPV WUDQVPLW GLVFUHWH VKRUW HOHFWURPDJQHWLF SXOVHV LQWR DPHGLXP:KHQ WKH SXOVH UHDFKHV DQ LQWHUIDFH
ZLWK GLIIHUHQW HOHFWULF SURSHUWLHV VRPH HQHUJ\ LV UHIOHFWHG EDFN DQG WKH UHVW RI LW SHQHWUDWHV WKH LQWHUIDFH DQG
SURFHHGV IRUZDUGV 7KHVH V\VWHPV XVXDOO\ XVH D FHQWUDO IUHTXHQF\ YDU\LQJ IURP 0+] XS WR 0+] 7KH
UHIOHFWHG HQHUJ\ LV FROOHFWHG DQG GLVSOD\HG DV D ZDYHIRUP VKRZLQJ DPSOLWXGHV DQG WLPH HODSVHG EHWZHHQZDYH
WUDQVPLVVLRQDQGUHIOHFWLRQ>@
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6HYHUDO*35WLPHUHFRUGV$VFDQDWUHJXODULQWHUYDOVDORQJVSHFLILHGSURILOHERXQGWRJHWKHUJLYH%VFDQRUD
UDGDUJUDP$UDGDUJUDPVKRZVFRQWLQXRXVUHFRUGLQJRIPHDVXUHPHQWVDORQJDSURILOH5DGDUJUDPVFROOHFWHGDORQJ
JLYHQSURILOHVLQ[DQG\GLUHFWLRQFDQEHVWDFNHGWRJHWKHUDQGIRUPD&±VFDQRUD'UDGDUJUDP'DWDSURFHVVLQJ
LVFDUULHGRXW LQDVSHFLDOL]HGVRIWZDUHV\VWHP0RGLILHGGDWD LV WKHQ LQWHUSUHWHGDQGJUDSKLFDOO\SURFHVVHG LQ WKH
HQG 7KLFNQHVVHV RI OD\HUV SRVVLEOH GHODPLQDWLRQ DV ZHOO DV EXULHG REMHFWV LQKRPRJHQHLW\ DQG RWKHU KLGGHQ
DQRPDOLHVFDQEHFDOFXODWHGIURPWKHUHVXOWLQJWUDYHOWLPHV
(YHU\ PDWHULDO LV FKDUDFWHULVHG E\ WKHLU SK\VLFDO SURSHUWLHV ,Q WKH *35 VXUYH\ WKHUH DUH VRPH YHU\ LPSRUWDQW
YDULDEOHV RI PDJQHWLF VXVFHSWLELOLW\ LH PDJQHWLVP RI WKHPDWHULDO UHODWLYH GLHOHFWULF SHUPLWWLYLW\ DQG HOHFWULFDO
FRQGXFWLYLW\$PRQJ WKHVHSK\VLFDOSURSHUWLHV WKH UHODWLYHGLHOHFWULFSHUPLWWLYLW\ LV HVVHQWLDO IRUPHDVXUHPHQWRI
URDGPDWHULDOV>@
0HWKRGRORJ\RIUDGDUVXUYH\LQJ
7KH REMHFWLYH RI *35 LQYHVWLJDWLRQ ZDV WR YHULI\ IHZ FKRVHQ VSUHDG IRRWLQJV RI WKH FRQFHUQHG REMHFW 7KH
PHDVXUHPHQWVZHUHFDUULHGRXWLQWZRSURILOHV
Figure XVLQJWKH*66,*35V\VWHP6,57KHILUVWSURILOHPORQJLQYHVWLJDWHVRQHVSUHDGIRRWLQJDQG
WKHVHFRQGSURILOHPORQJOHDGVRYHUWKUHHVSUHDGIRRWLQJV,QWKLVVWXG\DQWHQQDZLWKFHQWUDOIUHTXHQF\RI
0+]ZDVXVHGZLWKWKHPHDVXUHPHQWVWHSRIP7KHWLPHUHFRUGOHQJWKRIQVZDVPHDVXUHG0DQXIDFWXUHU
V
VSHFLILHG GHSWK UDQJH IRU WKLV W\SH RI DQWHQQD LV DERXW P ZKLFK LV VXIILFLHQW IRU WKLV NLQG RI LQYHVWLJDWLRQ
5DGDUJUDPKDVEHHQWUHDWHGE\VSHFLDOVRIWZDUHSDFNDJH5HIOH[:
7KH UDZ 'GDWDZHUH ILUVW SURFHVVHG LQ WKH IROORZLQJPDQQHU  6WDWLF FRUUHFWLRQ  VHWWLQJ RI WKH  YDOXH WKH
VXUIDFH%DFNJURXQGUHPRYDO*DLQ±HQHUJ\GHFD\
7KH XQZDQWHG IUHTXHQFLHV RI OHVV WKDQ 0+] DQG PRUH WKDQ 0+] ZHUH ILOWHUHG DZD\ GXULQJ WKH GDWD
DFTXLVLWLRQ7KHUDZGDWDZKLFKZHUHSURFHVVHGLQVXFKPDQQHUZHUHFRQVHTXHQWO\LQWHUSUHWHG6LQFHWKHGLHOHFWULF
FRQVWDQWLQFUHDVHSRVLWLYHSHDNVZHUHFRQVLGHUHGDVERXQGDULHVEHWZHHQOD\HUV7KHVHSRVLWLYHSHDNVZHUHGHWHFWHG
VHPLDXWRPDWLFDOO\ LQ WKH 5HIOH[: VRIWZDUH SDFNDJH ,Q WKH HQG WKH REYLRXV ERXQGDULHV ZHUH LQWHUSUHWHG DQG
WUDQVIRUPHGWRYHORFLW\PRGHOVRIWKHVSUHDGIRRWLQJV




)LJXUH6FKHPDWLFSODQRIWKH*35VXUYH\ZLWKWKHSURILOHRULHQWDWLRQ7KHEDFNJURXQGLVWKHWHFKQLFDOGRFXPHQWDWLRQRIIRXQGDWLRQ
FRQVWUXFWLRQ>@
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5HVXOWV
7KH LQYHVWLJDWLRQ LQ DSSOLHG JHRSK\VLFV LV FDUULHG RXW GLUHFWO\ IURP WKH LQYHVWLJDWHG VXUIDFH WKHUHIRUH LQYDVLYH
WHFKQLTXHVRUPHWKRGVDUH LQJHQHUDOQRWQHHGHG7KHVHWHFKQLTXHVDUHXVXDOO\H[SHQVLYHDQGWLPHFRQVXPLQJVR
WKH\FDQQRWEHXVHGRQDODUJHVFDOH2QWKHRWKHUKDQGJHRSK\VLFDOPHWKRGVRIVXUYH\DUHXVXDOO\OHVVH[SHQVLYH
OHVV WLPHFRQVXPLQJ WKHUHIRUHODUJHUDUHDFDQEH LQYHVWLJDWHGHIIHFWLYHO\7KHDFFXUDF\DQGTXDOLW\RI WKHVXUYH\
XVXDOO\LQFUHDVHZKHQPRUHWKDQRQHJHRSK\VLFDOPHWKRGLVFDUULHGRXWRUZKHQVRPHa prioriGDWDDUHDYDLODEOH
4.1 Profile Pf-1  
7KH SURILOH 3I LV FKDUDFWHULVHG E\ VLJQLILFDQW VLJQDO DWWHQXDWLRQ DERYH WKH VSUHDG IRRWLQJ Figure 3 )URP WKH
SURFHVVHGGDWDWKUHHREYLRXVERXQGDULHVFDQEHLGHQWLILHG7KHYHU\ILUVWOD\HUFDQEHLQWHUSUHWHGDVDWRSFRYHULQJ
FRQFUHWHOD\HU7KHVHFRQGRQHGLVSOD\VYHU\UHJXODUDSSHDUDQFHRISDUDEROLFDQRPDOLHVZLWKVWURQJUHIOHFWLRQVWKDW
FDQEHLQWHUSUHWHGDVUHLQIRUFHGFRQFUHWH,QDGGLWLRQWKHFRQFUHWHERG\RIWKHVSUHDGIRRWLQJLVYHU\ZHOOUHDGDEOH
7KHWKLUGOD\HUDVVXPHVWKHXVHRIWKHPHFKDQLFDOO\ERXQGDJJUHJDWHRUJUDYHODVDVSUHDGIRRWLQJEDVHOD\HU7KH
UHVWRIWKHUDGDUJUDPVKRZVPDQ\YDULRXVUHIOHFWLRQVZLWKGLIIHUHQWDPSOLWXGHVWKDWSRLQWWRWKHFRPSOH[LW\RIWKH
VXEEDVH

)LJXUH3URILOH3I7KHUHVXOWLQJUDGDUJUDPRIDVSUHDGIRRWLQJGHWDLOREWDLQHGE\0+]JURXQGFRXSOHGDQWHQQDXSSHUSLFWXUH
5HGEOXHDQGJUHHQOLQHVLQGLFDWHERXQGDULHVDPRQJOD\HUV7KHUHVXOWLQJWUDQVIRUPHGYHORFLW\GHSWKFURVVVHFWLRQEHORZSLFWXUH

4.2 Profile Pf-2 
7KHSURILOH3ILVORQJHU,QWKHSURFHVVHGGDWDUHFRUGLQJVWKUHHVSUHDGIRRWLQJVFDQEHREVHUYHG7KHFRQVWUXFWLRQ
GHWDLOV RI WKH VSUHDG IRRWLQJV DUH YHU\ VLPLODU FRPSDUHG WR WKH SURILOH 3I ,Q DGGLWLRQ WKUHH PDLQ SK\VLFDO
ERXQGDULHVFDQEHREVHUYHG7KHILUVW OD\HUFDQEHLQWHUSUHWHG LQ WKHVDPHZD\DV LQ WKHSURILOH3IKHQFHD WRS
FRYHULQJFRQFUHWHOD\HU
7KH VHFRQG OD\HU LV GLIIHUHQW 7KH ILUVW SDUW   P VKRZVYHU\ VLPLODU DQRPDOLHV DV REVHUYHG LQ WKH SUHYLRXV
SURILOHFRQVHTXHQWO\WKLVFDQEHDVVLJQHGWRWKHUHLQIRUFHGFRQFUHWHPDWHULDO7KHVHFRQGSDUWWRHQGGRHVQRW
VKRZ UHIOHFWLRQV IURP WKH UHLQIRUFHPHQW VWHHO DOWKRXJK FRQVWUXFWLRQPDWHULDO LV LQWHUSUHWHG DV WKH FRQFUHWH 7KH
FRQFUHWHERGLHVRIWKHVSUHDGIRRWLQJVDUHYHU\ZHOOUHDGDEOHLQWKLVSURILOHDVZHOO,WLVDVVXPHGWKDWWKHWKLUGOD\HU
LVWKHVDPHDVLQWKHSUHYLRXVFDVH
7KHDUHDDURXQGWKHVSUHDGIRRWLQJVLVWKHVDPHDVLWLVREVHUYHGRQWKHSURILOH3I

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


)LJXUH3URILOH3I7KHUHVXOWVRIUDGDUJUDPRIDVSUHDGIRRWLQJVREWDLQHGE\0+]JURXQGFRXSOHGDQWHQQD5HGEOXHDQGJUHHQOLQHV
LQGLFDWHERXQGDULHVDPRQJOD\HUV%HORZSURILOHUHVXOWLQJIURPWUDQVIRUPHGYHORFLW\GHSWKFURVVVHFWLRQ

&RQFOXVLRQ
,Q PRVW FDVHV WKH JHRSK\VLFDO VXUYH\ RI D VLWH ZRXOG EH PRUH FRPSOH[ ,W VKRXOG FRPELQH PHWKRGV EDVHG RQ
GLIIHUHQWJHRSK\VLFDOSULQFLSOHVKHQFHVWXG\LQJGLIIHUHQWJHRSK\VLFDOILHOGVRUSKHQRPHQD$QRWKHUSRVVLELOLW\LVWR
FRPELQHQRQLQYDVLYHQDWXUHRIWKLVLQYHVWLJDWLRQW\SHZLWKVRPHa prioriLQIRUPDWLRQHJGULOOFRUHVLQRUGHUWR
UHILQH WKH UHVXOWV $W WKLV SDUWLFXODU VLWH WKH GULOO FRUHVZHUH QRW DOORZHG EHFDXVH WKHZDWHU SURRILQJZRXOG EH
GDPDJHG2QWKHRWKHUKDQGWKHSURFHVVHGGDWDDOORZJRRGTXDOLW\LQWHUSUHWDWLRQZLWKDQDFFHSWDEOHHUURU
7KHVXUYH\ZDV UHDOLVHG LQRUGHU WRYHULI\VSUHDGIRRWLQJVRIDEXLOGLQJ)RU WKLVVWXG\D*35LQYHVWLJDWLRQZDV
FRQVLGHUHGDVWKHPRVWVXLWDEOHPHWKRGRIQRQ±LQYDVLYHDQGHIIHFWLYHVXUYH\7KH*66,6,5*35V\VWHPLQ
FRPELQDWLRQZLWKWKHJURXQGFRXSOHGDQWHQQDRI0+]ZDVHPSOR\HG3URFHVVHGGDWDDUHRIJRRGTXDOLW\ZKLFK
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DQGLQWHUSUHWHGGDWDVKRZRQO\DVPDOOPHDVXUHRIGLIIHUHQFHV

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